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1. 

STRUCTURE AND PROCESS FOR 
METALLIZATION IN HIGH ASPECTRATIO 

FEATURES 

FIELD OF THE INVENTION 

The present invention relates to a semiconductor structure 
and a method of fabricating the same. More particularly, the 
present invention relates to a reliable high aspect ratio metal 
lization structure used in contacting underlying semiconduc 
tor devices to external components of a semiconductor chip. 
The present invention also provides a method of fabricating a 
high aspect ratio metallization structure. 

BACKGROUND OF THE INVENTION 

A semiconductor device, such as, for example, a field effect 
transistor, is often formed with both back end of the line 
(BEOL) contacts to the gate and Source? drain regions of the 
device to turn the device on/off and to allow current to flow 
through the device, respectively, and a middle of the line 
(MOL) contact to the body of the device between the source/ 
drain regions to adjust threshold Voltage (Vt). 

Traditionally, conductive metals, such as tungsten (W) and 
aluminum (Al) have been deposited (e.g., by chemical vapor 
deposition (CVD), Sputtering, etc.) into patterned openings 
(i.e., vias), which are present in the dielectric material of the 
metallization structure, to form both MOL and BEOL con 
tacts. Recently, because of its lower electrical resistivity cop 
per and copper alloys, which require plating, have become the 
preferred metal for filling the contact openings in both BEOL 
and MOL metallization structures. 

Unfortunately, as circuit densities are increased, the aspect 
ratio (i.e., the ratio of height to width) for both BEOL and 
MOL contact (i.e., metallization) structures has increased and 
adequate plating of Such high aspect ratio metallization struc 
tures has proven difficult. Specifically, as circuit densities 
increase and device sizes are scaled, the width of both BEOL 
and MOL contact (i.e., metallization) structures is decreased; 
however, the thickness of the dielectric layers in which these 
contacts are formed has remained the same (i.e., contact or 
metallization structures with high height to width ratios). For 
example, circuit designers currently require MOL and BEOL 
contacts with aspect ratios that are greater 6:1 and oftentimes 
greater than 10:1. When conventional plating techniques are 
used to fill these high aspect ratio openings, seams and Voids 
(collectively referred to as a key-hole seam) develop within 
the contact (i.e., metallization) structure. 

FIG. 1 is a prior art semiconductor structure 10 which 
includes a contact (i.e., metallization) structure 20. As shown, 
the prior art structure 10 includes a field effect transistor 
(FET) 12 including a material stack 14 comprising at least a 
gate dielectric and an overlying gate conductor, both are not 
specifically shown or labeled but are collectively meant to be 
included within material stack 14. The material stack 14, 
which is patterned, also has an upper Surface 15 that com 
prises a metal semiconductor alloy, i.e., a metal silicide or 
metal germanide, contact. The FET is located on a surface of 
a semiconductor Substrate (not specifically shown) in which 
the source/drain regions are present. The FET 12 includes at 
least one spacer 16 located on exposed sidewalls of the mate 
rial stack 14. The contact structure 20 includes a dielectric 
material 22 having a high aspect contact opening that is filled 
with a conductive metal 24 such as W. Al or Cu which is in 
contact with the upper surface 15 (i.e., the metal semiconduc 
tor alloy) of the material stack 14. As is shown, and since prior 
plating processes have been used informing the contact struc 
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2 
ture, a key-hole seam (represented by reference numeral 26) 
is present in the contact structure. The presence of the key 
hole seam negatively affects contact performance and, as 
Such, the formation of the same in a contact structure should 
be avoided. 

In view of the above, there is a need for providing a new and 
improved high aspect ratio contact (hereinafter referred to as 
metallization) structure in which key-hole seam formation is 
avoided. That is, there is a need for providing a highly reliable 
high aspect ratio metallization structure in which key-hole 
seam formation within a high aspect ratio opening of the 
metallization structure is eliminated. 

SUMMARY OF THE INVENTION 

The present invention provides a semiconductor structure 
including a highly reliable high aspect ratio metallization 
structure in which key-hole seam formation is eliminated. 
The key-hole seam formation is eliminated in the present 
invention by providing a noble metal-containing material at 
least within a lower region of a high aspect ratio contact 
opening that is present within a dielectric material. The noble 
metal-containing material is in direct contact with an upper 
Surface (comprised of a metal semiconductor alloy) of a mate 
rial stack of a semiconductor device. 

In one embodiment, the noble metal-containing material is 
a plug partially filling the lower region of the contact opening. 
In this embodiment, the plug of noble metal-containing mate 
rial reduces the aspect ratio of the contact opening. When a 
plug of a noble metal-containing material is present within 
the contact opening, a conductive metal-containing material 
is present in an upper region of the contact opening and it is 
separated from the plug by a bottom wall portion of a 
U-shaped diffusion barrier. An optional U-shaped metal seed 
layer may also be present between the U-shaped diffusion 
barrier and the conductive metal-containing material. 

In another embodiment of the present invention, the noble 
metal-containing material completely fills the contact open 
ing. 

In both embodiments mentioned above, the noble metal 
containing material is formed by a selective deposition pro 
cess such as, for example, chemical vapor deposition, plasma 
enhanced chemical vapor deposition, atomic layer deposi 
tion, and plasma enhanced atomic layer deposition. Since 
plating is not used in forming the noble metal-containing 
material, key-hole seams are eliminated in both the embodi 
ments of the invention. 

In one aspect, the invention provides a semiconductor 
structure that comprises: 
at least one semiconductor device located on a Surface of a 
semiconductor Substrate, said at least one semiconductor 
device including at least a material stack having an upper 
Surface that is comprised of a metal semiconductor alloy; 
a dielectric material located on said surface of said semicon 
ductor Substrate, said dielectric material including a contact 
opening that extends to the upper Surface of said material 
stack, said contact opening having an aspect ratio of greater 
than 3:1; and 
at least a noble metal-containing material present at least 
within a lower region of said contact opening, said noble 
metal-containing material is in direct contact with said upper 
Surface of said material Stack. 

In one embodiment of the present invention, a conductive 
metal-containing material is also present within the contact 
opening. In this embodiment of the invention, the conductive 
metal-containing material is located within an upper portion 
of the contact opening and is separated from the noble metal 
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containing material by a bottom wall portion of at least a 
U-shaped diffusion barrier. In some instances, and when the 
conductive metal-containing material is formed by plating, a 
U-shaped plating seed layer is also present within the contact 
opening and located between the U-shaped diffusion barrier 
and the conductive metal-containing layer. In this embodi 
ment of the present invention, the noble metal-containing 
material is a plug and may comprise one of Ru, Rh, Ir, Pt, Co. 
Pd and alloys thereof. 

In another embodiment of the invention, the noble metal 
containing material completely fills the contact opening and 
may comprise one of Ru, Rh, Ir, Pt, Co, Pd and alloys thereof. 

In a preferred aspect of the invention, a semiconductor 
structure is provided that comprises: 
at least one semiconductor device located on a surface of a 
semiconductor Substrate, said at least one semiconductor 
device including at least a material stack having an upper 
Surface that is comprised of a metal semiconductor alloy; 
a dielectric material located on said surface of said semicon 
ductor Substrate, said dielectric material including a contact 
opening that extends to the upper Surface of said material 
stack, said contact opening having an aspect ratio of greater 
than 3:1; 
a noble metal-containing material located within a lower 
region of said contact opening, said noble metal-containing 
material is in direct contact with said upper Surface of said 
material stack; and 
a conductive metal-containing material located within an 
upper portion of said contact opening and separated from said 
noble metal-containing material by a bottom wall portion of 
at least a U-shaped diffusion barrier. 

In this preferred embodiment of the invention, a U-shaped 
plating seed layer may also be present within the contact 
opening and located between the U-shaped diffusion barrier 
and the conductive metal-containing layer. In the preferred 
embodiment of the invention described above, the noble 
metal-containing material is a plug and may comprise one of 
Ru, Rh, Ir, Pt, Co, Pd and alloys thereof. In the preferred 
embodiment of the invention described above, the conductive 
metal-containing material comprises Cu, Al, W and alloys. 
Also, in the preferred embodiment of the invention described 
above, the diffusion barrier may comprise one of Ta(N). 
Ti(N), W(N) and alloys. 

In another aspect of the invention, a method of forming a 
semiconductor structure is provided that comprises: 
providing a structure including at least one semiconductor 
device located on a Surface of a semiconductor Substrate, said 
at least one semiconductor device including at least a material 
stack having an upper Surface that is comprised of a metal 
semiconductor alloy; 
forming a dielectric material on said Surface of said semicon 
ductor Substrate, said dielectric material including a contact 
opening that extends to the upper Surface of said material 
stack, said contact opening having an aspect ratio of greater 
than 3:1; and 
filling said contact opening with at least a noble metal-con 
taining material, said noble metal-containing material is 
present at least within a lower region of said contact opening 
and is indirect contact with said upper Surface of said material 
stack. 

In one embodiment of the inventive method, at least a 
U-shaped diffusion barrier and a conductive metal-containing 
material are also formed within the contact opening. In this 
embodiment of the inventive method, the conductive metal 
containing material is located within an upper portion of the 
contact opening and is separated from the noble metal-con 
taining material by a bottom wall portion of at least the 
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U-shaped diffusion barrier. In cases wherein plating is used in 
forming the conductive metal-containing material, a 
U-shaped plating seed layer may also be formed within the 
contact opening. When present, the U-shaped plating layer is 
located between the U-shaped diffusion barrier and the con 
ductive metal-containing layer. In the embodiments 
described above, the noble metal-containing material is a 
plug and may comprise one of Ru, Rh, Ir, Pt, Co, Pd and alloys 
thereof. In the embodiment described above, the conductive 
metal-containing material comprises Cu, Al, W and alloys. 
Also, in the embodiment described above, the diffusion bar 
rier may comprise one of Ta(N), Ti(N), W(N) and alloys. 

In another embodiment of the invention, the noble metal 
containing material completely fills the contact opening and 
may comprise one of Ru, Rh, Ir, Pt, Co, Pd and alloys thereof. 

In a further embodiment of the inventive method, the noble 
metal-containing material is formed by a selective deposition 
process selected from chemical vapor deposition, plasma 
enhanced chemical vapor deposition, atomic layer deposi 
tion, and plasma enhanced atomic layer deposition. 

In a preferred embodiment of the inventive, the following 
processing steps are employed: 
providing a structure including at least one semiconductor 
device located on a Surface of a semiconductor Substrate, said 
at least one semiconductor device including at least a material 
stack having an upper Surface that is comprised of a metal 
semiconductor alloy; 
forming a dielectric material on said Surface of said semicon 
ductor Substrate, said dielectric material including a contact 
opening that extends to the upper Surface of said material 
stack, said contact opening having an aspect ratio of greater 
than 3:1; 
partially filling said contact opening with at least a noble 
metal-containing material, said noble metal-containing mate 
rial is present within a lower region of said contact opening 
and is indirect contact with said upper Surface of said material 
stack; and 
forming at least a U-shaped diffusion barrier and a conductive 
metal-containing material within said contact opening, said 
conductive metal-containing material is located within an 
upper portion of said contact opening and is separated from 
said noble metal-containing material by a bottom wall portion 
of at least said U-shaped diffusion barrier. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a pictorial representation (through a cross sec 
tional view) illustrating a prior art high aspect ratio metal 
plated metallization structure in which a key-hole seam is 
inherently present. 

FIGS. 2A-2E are pictorial representations (through cross 
sectional views) illustrating one method of the present inven 
tion for forming a reliable high aspect ratio metallization 
structure in which key-hole seam production is avoided. 

FIG. 3 is a pictorial representation (through a cross sec 
tional view) illustrating another embodiment of the present 
invention. 

FIG. 4 is a pictorial representation (through a cross sec 
tional view) showing the various components that can be 
employed as the material stack shown in FIGS. 2A, 2B, 2C, 
2D, 2E and 3. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention, which provides a highly reliable 
high aspect ratio metallization structure and a method of 
fabricating the same, will now be described in greater detail 
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by referring to the following discussion and drawings that 
accompany the present application. It is noted that the draw 
ings that accompany the present application are provided for 
illustrative purposes only, and, as such, these drawings are not 
drawn to Scale. 

In the following description, numerous specific details are 
set forth, such as particular structures, components, materials, 
dimensions, processing steps and techniques, in order to pro 
Videa thorough understanding of the present invention. How 
ever, it will be appreciated by one of ordinary skill in the art 
that the invention may be practiced without these specific 
details. In other instances, well-known structures or process 
ing steps have not been described in detail in order to avoid 
obscuring the invention. 

It will be understood that when an element as a layer, region 
or substrate is referred to as being “on” or “over another 
element, it can be directly on the other element or intervening 
elements may also be present. In contrast, when an element is 
referred to as being “directly on' or “directly over another 
element, there are no intervening elements present. It will also 
be understood that when an element is referred to as being 
“connected” or “coupled to another element, it can be 
directly connected or coupled to the other element or inter 
vening elements may be present. In contrast, when an element 
is referred to as being “directly connected' or “directly 
coupled to another element, there are no intervening ele 
ments present. 
As stated above, the present invention provides a high 

reliable high aspect metallization structure in which the for 
mation of a key-hole seam within a high aspect ratio contact 
opening, particularly at an area of the high aspect ratio contact 
opening that is in close proximity to upper surface of the 
material stack of a semiconductor device, is eliminated. 

Reference is now made to FIGS. 2A-2E which are pictorial 
representations (through cross sectional views) illustrating 
one method of the present invention for forming a reliable 
high aspect ratio metallization structure. FIG. 2A illustrates 
an initial structure 50 that can be employed in the present 
invention. 
The initial structure 50 includes a semiconductor substrate 

52 having at least one semiconductor device 54 located 
thereon. In accordance with the present invention, the at least 
one semiconductor device 54 includes a material stack 56 
having an upper Surface 58 that comprises a semiconductor 
metal alloy (i.e., a silicide or germanide). It is noted that in the 
drawings, the one semiconductor device 54 is depicted as a 
field effect transistor (FET). Although such a semiconductor 
device 54 is depicted and illustrated, the present invention 
also contemplates other semiconductor devices including, for 
example, capacitors, diodes, bipolar transistors, BiCMOS 
devices, memory devices and the like which include a pat 
terned material stack having an upper Surface that is com 
prised of a metal semiconductor alloy. Also, although illus 
tration is made to a patterned material stack, the present 
invention also works in embodiments in which the material 
stack is non-patterned. 
The term “semiconductor substrate” is used throughout 

this application to denote any semiconducting material 
including, for example, Si, SiGe. SiGeC, SiC. Ge alloys, 
GaAs, InAs, InP and other III/V or II/VI compound semicon 
ductors. In addition to these listed types of semiconducting 
materials, the present invention also contemplates cases in 
which the semiconductor substrate 52 is a layered semicon 
ductor such as, for example, Si/SiGe. Si/SiC, silicon-on-in 
sulators (SOIs) or silicon germanium-on-insulators (SGOIs). 
In some embodiments of the present invention, it is preferred 
that the semiconductor substrate 52 be composed of a Si 
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6 
containing semiconductor material, i.e., a semiconductor 
material that includes silicon. The semiconductor Substrate 
52 may be doped, undoped or contain doped and undoped 
regions therein. 

It is also noted that the semiconductor substrate 52 may be 
strained, unstrained or contain strained regions and 
unstrained regions therein. The semiconductor substrate 52 
may also have a single crystal orientation or alternatively, the 
substrate 52 may be a hybrid semiconductor substrate that has 
Surface regions having different crystallographic orienta 
tions. The semiconductor substrate 52 may also have one or 
more isolation regions such as, for example, trench isolation 
regions or field oxide isolation regions, located therein. 

Next, the at least one semiconductor device 54 including a 
material stack 56 (patterned or non-patterned) having an 
upper Surface 58 that comprises a metal semiconductor alloy 
is formed. Theat least one semiconductor device54 is formed 
utilizing conventional techniques that are well knownto those 
skilled in the art. The processing details may vary depending 
on the type of device being fabricating. In the case of a field 
effect transistor, deposition, lithography, etching and ion 
implantation can be used in forming the field effect transistor. 
Alternatively, a replacement gate process can be used inform 
ing the field effect transistor. 

In the case of a field effect transistor, the material stack 56 
further includes a gate dielectric 100 (and an overlying gate 
conductor) 102 such as shown, for example, in FIG. 4. The 
FET also includes at least one spacer 60 located on exposed 
sidewalls of the material stack 56, and source/drain regions 
(not specifically shown or labeled) located within the semi 
conductor substrate 52 at the footprint of the material stack 
56. The gate dielectric, the gate conductor and the spacer 60 
are comprised of conventional materials. For example, the 
gate dielectric is comprised of an oxide, nitride, oxynitride or 
combinations and multilayers thereof. The gate conductor is 
comprised of poly Si, SiGe, an elemental metal, an alloy 
including an elemental metal, a metal silicide, a metal nitride 
or any combination including multilayers thereof. The spacer 
60, which is optional, is comprised of an oxide, a nitride, an 
oxynitride or any combination, including multilayers thereof. 
The metal semiconductor alloy that is located at the upper 

surface 58 of material stack 56 is formed utilizing a standard 
salicidation (self-aligned) process well known in the art. 
This includes forming a metal capable of reacting with a 
semiconductor material atop the entire structure, forming a 
barrier layer atop the metal, heating the structure to form a 
metal semiconductor alloy, removing non-reacted metal and 
the barrier layer and, if needed, conducting a second heating 
step. When a semiconductor material is not present, a layer of 
a semiconductor-containing material can be formed prior to 
forming the metal. The second heating step is required in 
those instances in which the first heating step does not form 
the lowest resistance phase of the metal semiconductor alloy. 
The metal used in forming the metal semiconductor alloy 
comprises one of Ti, Ni, Pt, W. Co., Ir, and the like. Alloying 
additives can also be present as desired. The heating, i.e., 
anneal, step used in forming the metal semiconductor alloy 
includes conditions that are well knownto those skilled in the 
art. It is noted that during the formation of the metal semi 
conductor alloy layer atop the material stack, a metal semi 
conductor alloy can be also formed on any exposed Surfaces 
of the semiconductor substrate in which the metal was 
formed. 
The initial semiconductor structure 50 shown in FIG. 2A 

also includes a dielectric material 64 including a contact 
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opening 66. As shown, the contact opening 66 exposes the 
upper surface 58 (i.e., the semiconductor metal alloy) of the 
material stack 56. 
The dielectric material 64 may comprise any dielectric 

used in middle of the line (MOL) and/or back end of the line 
(BEOL) applications. The dielectric material 64 may be 
porous or non-porous. Some examples of Suitable dielectrics 
that can be used as the dielectric material 64 include, but are 
not limited to: SiO, a doped or undoped silicate glass, C 
doped oxides (i.e., organosilicates) that include atoms of Si. 
C, O and H. Silsesquioxanes, thermosetting polyarylene 
ethers, or multilayers thereof, silicon nitride, silicon oxyni 
tride or any combination, including multilayers thereof. The 
term “polyarylene' is used in this application to denote aryl 
moieties or inertly substituted aryl moieties which are linked 
together by bonds, fused rings, or inert linking groups such as, 
for example, oxygen, Sulfur, Sulfone, Sulfoxide, carbonyl and 
the like. In one embodiment, the dielectric material 64 is SiO, 
that is formed from a TEOS (tetraethylorthosilane) precursor. 

The dielectric material 64 typically has a dielectric con 
stant that is about 4.0 or less, with a dielectric constant of 
about 2.8 or less being even more typical. The thickness of the 
dielectric material 64 may vary depending upon the dielectric 
material used. Typically, and for normal MOL and/or BEOL 
applications, the dielectric material 64 has a thickness from 
about 200 to about 450 nm. 
The contact opening 66 that is present within the dielectric 

material 64 is formed by lithography and etching. The litho 
graphic process includes forming a photoresist (not shown) 
atop the dielectric material 64, exposing the photoresist to a 
desired pattern of radiation and developing the exposed pho 
toresist utilizing a conventional resist developer. The etching 
process includes a dry etching process (such as, for example, 
reactive ion etching, ion beam etching, plasma etching or 
laser ablation), or a wet chemical etching process that selec 
tively removes the exposed dielectric material 64. Typically, 
reactive ion etching is used in providing the contact opening 
66. After etching, the photoresist is typically removed utiliz 
ing a conventional resist stripping process well known to 
those skilled in this art. As shown, the contact opening 66 has 
sidewalls. The sidewalls within the contact opening 66 may 
be substantially vertical, as shown, or some tapering may be 
evident. The contact opening 66 typically has an aspect ratio 
that is greater than 3, preferably greater than 5, more prefer 
ably greater than 10:1. The contact opening 66 may be 
referred to in the art as a via opening. 

After providing the initial structure 50 shown in FIG. 2A, a 
noble metal-containing material is selectively deposited on 
the upper surface 58 of the material stack 54 that is comprised 
of the metal semiconductor alloy. The noble metal-containing 
material includes any metal or metal alloy that is resistant to 
corrosion or oxidation. Moreover, the noble metal-containing 
material employed in the present invention includes any metal 
or metal alloy which is lower in the “Galvanic Series” than the 
underlying metal semiconductor alloy layer and the overlying 
conductive metal-containing material to be Subsequently 
formed. Typically, the noble metal-containing material com 
prises one of Ru, Rh, Ir, Pt, Co, Pd and alloys thereof, with Ru 
being highly preferred in Some embodiments of the present 
invention. It is noted that in the embodiment of the present 
invention illustrated, the noble metal-containing material is a 
noble metal-containing plug 68 that partially fills the contact 
opening 66 and therefore reduces the aspect ratio of the con 
tact opening 66. 
As shown in FIG. 2B, the noble metal-containing material 

is formed by a selective deposition process Such as, for 
example, chemical vapor deposition (CVD), plasma 
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8 
enhanced chemical vapor deposition (PECVD), atomic layer 
deposition (ALD), and plasma enhanced atomic layer depo 
sition (PEALD). The precursors and conditions for the selec 
tive deposition, which are well known to those skilled in the 
art, may vary depending on the exact deposition process used 
in forming the noble metal-containing material. 

It is again noted that in the embodiment illustrated, the 
noble metal-containing material is a plug 68 that does not 
completely fill the contact opening 66. Partial filling of the 
contact opening 66 with a noble metal-containing material 
can be achieved by selecting proper deposition times, i.e., 
rates. Alternatively, the partial filling of the contact opening 
66 with the noble metal-containing material may be achieved 
by deposition which provides noble metal-containing mate 
rial outside the contact opening 66, planarization, and etch 
ing. The distance of the upper surface of the noble metal 
containing plug 68 to the mouth of the contact opening 66 
may vary and is not critical so long as the plug 68 including 
the noble metal-containing material reduces the overall 
aspect ratio of the contact opening 66. 

Next, and as shown in FIG.2C, a diffusion barrier 70 and an 
optional plating seed layer 72 can be provided to the structure 
shown in FIG.2B. As illustrated, the diffusion barrier 70 and 
the optional plating seed layer 72 are present within the con 
tact opening 66 including atop an upper Surface of the plug 68 
of noble metal-containing material also well as extending on 
the upper surface of the dielectric material 64. 
The diffusion barrier 70 comprises Ta, TaN, Ti, TiN, Ru, 

RuN, RuTa, RuTaN, W, WN or any other material that can 
serve as a barrier to prevent a conductive material from dif 
fusing there through. The thickness of the diffusion barrier 70 
may vary depending on the deposition process used as well as 
the material employed. Typically, the diffusion barrier 70 has 
a thickness from about 2 to about 50 nm, with a thickness 
from about 5 to about 20 nm being more typical. 
The diffusion barrier 70 is formed by a deposition process 

including, for example, chemical vapor deposition (CVD). 
plasma enhanced chemical vapor deposition (PECVD), 
atomic layer deposition (ALD), physical vapor deposition 
(PVD), Sputtering, chemical Solution deposition and plating. 

Next, an optional plating seed layer 72 can be formed on 
the surface of the diffusion barrier 70. In cases in which the 
conductive material to be subsequently formed does not 
involve plating, the optional plating seed layer 72 is not 
needed. The optional plating seed layer 72 is employed to 
selectively promote Subsequent electroplating of a pre-se 
lected conductive metal or metal alloy. The optional plating 
seed layer 72 may comprise Cu, a Cu alloy, Ir, an Iralloy, Ru, 
a Ru alloy (e.g., TaRu alloy) or any other suitable noble metal 
or noble metal alloy having a low metal-plating overpotential. 
Typically, Cu or a Cu alloy plating seed layer is employed, 
when a Cu metal is to be subsequently formed within the 
opening 66. 
The thickness of the optional seed layer 72 may vary 

depending on the material of the optional plating seed layer as 
well as the technique used informing the same. Typically, the 
optional plating seed layer 72 has a thickness from about 2 to 
about 80 nm. 
The optional plating seed layer 72 can be formed by a 

conventional deposition process including, for example, 
CVD, PECVD, ALD, and physical vapor deposition (PVD). 
A conductive metal-containing layer 74 is then formed 

within the remaining portion of opening 66 as well as atop the 
surface of any of the optional plating seed layer 72 or the 
diffusion barrier 70 that extends beyond the opening 66 pro 
viding the structure shown in FIG. 2D. The conductive metal 
containing layer 74 employed in the present invention 
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includes for example, a conductive metal, an alloy compris 
ing at least one conductive metal, a metal silicide or any 
combination thereof. Preferably, the conductive metal-con 
ductive-containing metal comprises a conductive metal Such 
as, for example, Cu, W or Al, with Cu and W being highly 
preferred. The conductive metal-containing layer 74 can be 
formed utilizing a conventional deposition process Such as, 
for example, CVD, PECVD, ALD, PEALD, sputtering 
chemical solution deposition or plating (electro or electro 
less). In one embodiment of the present invention, and when 
the conductive metal-containing layer 74 comprises Cu, elec 
troplating is used informing the Cu layer. In another embodi 
ment, and when the conductive metal-containing layer 74 
comprises W. CVD or PECVD is used informing the Wlayer. 

After deposition of the conductive metal-containing layer 
74, the structure shown in FIG. 2D is subjected to a conven 
tional planarization process providing the structure shown, 
for example, in FIG. 2E. Conventional planarization pro 
cesses that can be employed in the present invention in pro 
viding the planar structure shown in FIG. 2E include chemi 
cal mechanical polishing (CMP), grinding, or a combination 
of CMP and grinding. In FIG. 2E, reference numeral 74 
denotes the remaining conductive metal-containing layer that 
is present within the contact opening 66. It is noted that the 
planarization provides a structure in which the upper Surface 
of each of the dielectric material 64, the diffusion barrier 70, 
the optional plating seed layer 72 and the remaining conduc 
tive metal-containing layer 74 is coplanar with each other. 
Planarization provides a U-shaped diffusion barrier and, if 
present, a U-shaped plating seed layer within the contact 
opening 66. 

It is further noted that in the structure shown in FIG.2E, the 
contact metallurgies within the metallization structure 
includes an upper region of a conductive metal-containing 
material 74" and a lower region of a noble metal-containing 
plug 68 which are separated by the bottom wall portion 70a of 
at least the U-shaped diffusion barrier layer or, if present, a 
bottom wall portion 72a of the U-shaped plating seed layer. 
The remaining conductive metal-containing material 74 is 
also separated from the dielectric material 64 by sidewall 
portions of at least the U-shaped diffusion barrier layer 70 that 
remains in the contact opening 66. 

In another embodiment, which is shown in FIG. 3, the 
structure shown in FIG. 2A is first provided and thereafter a 
noble metal-containing material is deposited to completely 
fill the contact opening 66. The noble metal-containing mate 
rial is the same as that described above for plug 68. A pla 
narization process may be used to remove any noble metal 
containing material that forms outside the at least one 
opening. In the embodiment of the present invention, the 
metallurgy of the metallization structure consists entirely of a 
noble metal-containing material 69. 

While the present invention has been particularly shown 
and described with respect to preferred embodiments thereof, 
it will be understood by those skilled in the art that the fore 
going and other changes in forms and details may be made 
without departing from the spirit and scope of the present 
invention. It is therefore intended that the present invention 
not be limited to the exact forms and details described and 
illustrated, but fall within the scope of the appended claims. 
What is claimed is: 
1. A semiconductor structure comprising: 
at least one semiconductor device located on a Surface of a 

semiconductor Substrate, said at least one semiconduc 
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tor device including at least a material stack comprising, 
from bottom to top, a gate dielectric, a gate conductor, 
and a metal semiconductor alloy; 

a dielectric material located on said Surface of said semi 
conductor Substrate, said dielectric material including a 
contact opening that extends from an upper Surface of 
the dielectric material to the metal semiconductor alloy 
of said material Stack, said contact opening having an 
aspect ratio of greater than 3:1; 

a metal present within a lower region of said contact open 
ing, said metal is in direct contact with said metal semi 
conductor alloy of said material stack and wherein said 
metal is selected from the group consisting of at least one 
of Ru, Rh, In, Pd, Co and Pt; and 

a conductive metal-containing material located within an 
upper portion of said contact opening, said conductive 
metal-containing material is separated from said metal 
by a bottom wall portion of at least a U-shaped diffusion 
barrier, and wherein said conductive metal-containing 
material and said U-shaped diffusion barrier each having 
an upper Surface that is coplanar with an upper Surface of 
the dielectric material. 

2. The semiconductor structure of claim 1 further compris 
ing a U-shaped plating seed layer present within said contact 
opening and located between said U-shaped diffusion barrier 
and said conductive metal-containing layer. 

3. The semiconductor structure of claim 1 wherein said 
dielectric material has a dielectric constant of 4.0 or less and 
is one of SiO, a doped or undoped silicate glass, a C-doped 
oxide that includes atoms of Si, C.O and H, a silsesquioxane, 
and a thermosetting polyarylene ether. 

4. The semiconductor structure of claim 1 wherein said 
conductive metal-containing material is one of Cu, W. and Al, 
and said diffusion barrier comprises one of Ta(N), Ti(N), 
W(N), and Ru(N). 

5. The semiconductor structure of claim 1 wherein said 
metal is Ru. 

6. A semiconductor structure comprising: 
at least one semiconductor device located on a Surface of a 

semiconductor Substrate, said at least one semiconduc 
tor device including at least a material stack having an 
upper Surface that is comprised of a silicide; 

a dielectric material located on said Surface of said semi 
conductor Substrate, said dielectric material including a 
contact opening that extends to the upper Surface of said 
material stack, said contact opening having an aspect 
ratio of greater than 3:1; 

a metal present within a lower region of said contact open 
ing, said metal is in direct contact with said upper Sur 
face of said material stack and wherein said metal is 
Selected from the group consisting of at least one of Ru, 
Rh, In, Pd Co and Pt; and 

a conductive metal-containing material located within an 
upper portion of said contact opening, said conductive 
metal-containing material is separated from said metal 
by a bottom wall portion of at least a U-shaped diffusion 
barrier, and wherein said conductive metal-containing 
material and said U-shaped diffusion barrier each having 
an upper Surface that is coplanar with an upper Surface of 
the dielectric material. 

7. The semiconductor structure of claim 6 wherein said 
metal is Ru. 


